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APPENDIX IV 

This Appendix contains results of Watana and Devil Canyon reservoir 

temperature simulations using the Dynamic Reservoir Simulation Model 

(Harza-Ebasco 1984). Reservoir outflow temperatures, ice thicknesses, and 

temperature profiles are included. Simulations were made in response to the 

Federal Energy Regulatory Commission's (FERC) Request for Supplemental 

Information of April, 1983 (copy of response attached as Exhibit A) and are 

referenced in the Alaska Power Authority 1 s Technical Comments on the FERC 1 s 

Draft Environmental Impact Statement (DEIS) numbers AQR003, AQR032, AQR033, 

AQR038, AQR043, AQR046, AQR066, AQR071, AQR098, AQR099 and AQR109. 

Simulations were made for var1.ous hydrological and meteorological 

conditions, for four levels of project energy demands and for the three 

years required to fill Watana Reservoir. Case C minimum target flows, as 

defined in the License Application (p. E-2-57) were used. Low level, mid

level and multi-level intakes and the spillway were operated in accordance 

with policies set out in the License Application, Exhibit E, Chapter 2. The 

policy for operating the multi-level intake to the powerhouse was to 

discharge water having temperatures as close to natural river temperatures 

as possible. (License Application p. E-2-119). 

The r.eservoir temperature simulations in this Appendix provided the upstream 

boundary conditions for river temperature and river ice simulations. 

Temperature simulations for Devil Canyon Reservoir in this Appendix are 

significantly different than the temperature simulations for Devil Canyon 

presented in the License Application. A review of the License Application 

Dynamic Reservoir Simulation Model (DYRESM) input indicated that the 

reservoir volume employed in the License Application simulations was too 

high by a factor of 6. This caused simulated outflow temperatures from 

Devil Canyon to be lower in the summer and higher in the winter by l°C to 

2°C than for simulations for similar energy demands and weather using the 

correct reservoir volume. 
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the License Application for Devil Canyon operation would reflect this error 

in the area near the dam. Further downstream, the effects of this error 

would be smaller. 

The reservoir temperature simulations in this Appendix were made with the 

correct elevation-area-volume relationship. The resulting outflow 

temperatures from· Devil Canyon reservoir are much more similar to outflow 

temperatures from Watana Reservoir. Devil Canyon Reservoir tends to smooth 

out some of the peaks and valleys in Watana reservoir outflow temperatures. 

The meteorologic and hydrologic data utilized for simulating Watana and 

Devil Canyon Reservoir temperatures are summarized on plots. Meteorologic 

data collected by R & M Consultants, Inc. (R & M) at weather stations at 

Devil Canyon and Watana (R&M 1982a, 1982b, 1982c, 1982d, 1984a, 1984b) were 

utilized for reservoir simulations for the period 1980-1983. Data collected 

at the National Oceanic and Atmospheric Administration (NOAA) weather 

stations at Summit were used for simulations for the period 1970-1977. 

These data were supplemented by data collected by NOAA at Talkeetna and 

Anchorage and by R & M at other locations in the Susitna Basin. 

As indicated in Exhibit A, the years 1974-1975, 1982-1983 and 1981-1982 were 

selected to represent dry, average and wet hydrologic conditions, 

respectively, as requested by FERC. Simulations were made for 1971-1972 and 

1976-1977 to provide cold and average winter outflow conditions for use in 

simulation of river ice. 

Each temperature simulation 1n this Appendix was initiated in November, s1x 

months preceding the period of interest for assessment of impacts. This was 

done because the Watana reservoir is generally isothermal in November. For 

analyses of biological effects, temperatures should not be used for the 

initial six month periods between November and May. The exceptions to this 

rule are the first year of filling simulations. These simulations were 

carried out to verify that the reservoir would become isothermal by November 

of the first winter of filling, so that simulations of the second and third 
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years of filling could begin with isothermal conditions 1n November of the 

first winter. Additionally, simulations for the period November 1980 to May 

1983 were run continuously and only the period November 1980 to April 1981 

should not be us~d. 

The temperature simulation for the third summer of filling assumed all flow 

would be through the mid-level outlet works. The License Application (Fig 

C.l), however, indicates that units 1 and 2 would be operational on April 1 

and July 1, 1993, respectively. Thus, some flow would be passed through the 

multi-level intake during the third summer of filling. This would tend to 

cause temperatures to be slightly warmer than indicated in this Appendix for 

the third summer of filling. 
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LIST OF EXHIBITS 

Title 

The Alaska Power Authority's Response to the Federal Energy 

Regulatory Commission's Request for Supplemental Information of 

April 12, 1983 - Schedule B, Exhibit E. No. 2.28. 

Watana Reservoir Weather Data, November 1980 -April 1983. 

Devil Canyon Reservoir Weather Data, November 1980 - April 1983. 

Watana and Devil Canyon Reservoir Weather Data, November 1970 -

April 1972, November 1973 - April 1975, November 1975 - April 

1977. 

Watana Reservoir Inflow and Outflow - November 1970 - April 1972. 

Devil Canyon Reservoir Inflow and Outflow - November 1970 - April 

1972. 

Watana Reservoir Inflow and Outflow - November 1973 - April 

1975. 

Devil Canyon Reservoir Inflow and Outflow - November 1973 - April 

1975. 

Watana Reservoir Inflow and Outflow - November 1975 -April 1977 

Devil Canyon Reservoir Inflow and Outflow, November 1975 - April 

1977 

Watana Reservoir Inflow and Outflow - November 1980 - April 1983 

Devil Canyon Reservoir Inflow and Outflow, November 1980-April 

1983. 
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Reservoir(s) 

Exhibit Operating ---
.M Watana 

N Watana 

0 Watana 

p Watana 

Q Watana 

R Watana 

s Watana 

T Watana 

u Watana 

v Watana 

w Watana 

X Watana 

y Watana 

z Watana and 

Devil Canyon 

AA Watana and 

Devil Canyon 

AA Watana and 

Devi 1 Canyon 

AC Watana and 

Devil Canyon 

AD Watana and 

Devil Canyon 

AE Watana and 

Devil Canyon 

AF Watana and 

Devil Canyon 
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LIST OF EXHIBITS 

Reservoir Meteorologic 

Temperature and Hydrologic 

Simulation Energy Demand Year Data Periodl 

Watana First year of filling2 5/81 - 4/82 

Watana First year of filling2 5/82 - 4/83 

Watana Second year of filling2 5/81 - 4/82 

Watana Third year of filling2 5/82 4/83 

Watana 1996 5/71 - 4/72 

Watana 1996 5/74 - 4/75 

Watana 1996 5/76 - 4/77 

Watana 1996 5/81 - 4/82 

Watana 1996 5/82 - 4/83 

Watana 2001 5/71 - 4/72 

Watana 2001 5/74 - 4/75 

Watana 2001 5/81 - 4/82 

Watana 2001 5/82 - 4/83 

Watana 2002 5/71 - 4/72 

Watana 2002 5/74 - 4/75 

Watana 2002 5/76 - 4/77 

Watana 2002 5/81 - 4/82 

Watana 2002 5/82 - 4/83 

Watana 2020 5/71 - 4/72 

Watana 2020 5/74 - 4/75 
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Reservoir(s) 

Opera tin~ 

Watana and 

Devil Canyon 

Watana and 

Devil Canyon 

Watana and 

Devil Canyon 

Watana and 

Devil Canyon 

Watana and 

Devil Canyon 

Watana and 

Devil Canyon 

Watana and 

Devil Canyon 

Watana and 

Devil Canyon 

Watana and 

Devil Canyon 

Watana and 

Devil Canyon 

Watana and 

Devil Canyon 

Watana and 

Devi 1 Canyon 

Watana and 

Devil Canyon 

LIST OF EXHIBITS 

Reservoir Meteorologic 

Temperature· and Hydrologic 

Simulation Energ~ Demand Year Data Period! 

Watana 2020 5/76 - 4/77 

Watana 2020 5/81 - 4/82 

Watana 2020 5/82 - 4/83 

Devil Canyon 2002 5/71 - 4/72 

Devil Canyon 2002 5/74 - 4/75 

Devil Canyon 2002 5/76 - 4/77 

Devil Canyon 2002 5/81 - 4/82 

Devil Canyon 2002 5/82 - 4/83 

Devil Canyon 2020 5/71 - 4/72 

Devil Canyon 2020 5/74 - 4/75 

Devil Canyon 2020 5/76 - 4/77 

Devil Canyon 2020 5/81 - 4/82 

Devil Canyon 2020 5/82 - 4/83 
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FOOTNOTES 

!Temperature simulations shown 1n the Appendix normally begin 1n November, 

six months prior to the period shown in this table. This was done because 

the reservoir( s) would generally be isothermal in November. Simulations 

made for the period November 1980 through April 1983 were run continuously. 

2Two simulations were made for the first year of filling for purposes of 

river ice modeling and to demonstrate that the reservoir becomes isothermal 

in November of the first year of filling. Since data were not available for 

the study area for a continuous three year period the simulations for the 

second and third years of filling utilized data for the period November 1980 

t.o May 1983. Having verified that the reser.voir would become isothermal 

during November of the first winter of filling, the simulation of the second 

and third years of filling was begun with data from November of 1980 with an 

isothermal reservoir at the water temperature and level simulated for 

November of the first winter of filling. The simulation carried through 

until the completion of filling in the third winter. 
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Exhibit A 

The Alaska Power Authority's Response to the Federal Energy Regulatory 

Commission's Request for Supplemental Information of April 12, 1983 -

Schedule B, Exhibit E No. 2.28. 

420663 
840802 

7 



r 

-

-

-
-

EXHIBIT E 

2. Water Use and Quality 

Comment 28 (p. E-2-87, para. 1) 

Provide longitudinal profiles of predicted weekly average temperatures down

stream of Watana Dam and Devil Canyon/Watana using the DYRSEM and HEATSIM 

models. Simulations for stations with pre-project temperature data should 

be provided with Watana in operation and Devil Canyon/Watana in operation 

using data for an average water year and for conditions of minimum releases 

(i.e., using data for a minimum flow year) from Watana ·and from Devil 

Canyon. Listings of inputs used and assumpt-ions made in each simulation 

should also be provided. Outflow temperature from each reservoir used in 

the HEATSIM model should include the temperatures that would have to be 

available at the multilevel intakes in order to match pre-dam temperatures 

·that would have to be available at the multilevel intakes in order to match 

pre-dam temperatures. Meteorological conditions used as rrodel parameters 

should be provided. These simulated average weekly temperatures should be 

compared to pre-project temperatures measured during 1 ow-flow and average 

flo~ years. Provide parameter values used in each simulation and document 

the source of the values used. 

Response: 

Daily simulations of reservoir and river temperatures had been prepared to 

provide the longitudinal profiles of temperatures downstream of Watana dam 

and Watana/Devi 1 Canyon using the DYRESM and HEATSIM models for a wet year 

(1981) condition (Acres .llmerican Inc., 1983a, 1983b). Selected profiles 

from the daily simulations are given as Figures 8.44 to 8.56 (attached) in 

Acres 1983b. Figures 8.44 through 8.56 (see pages 2-28-6 to 2-28-18) cor

respond to Figures E.2.176 through E.2.178, E.2.180 through E.2.183, and 

E.2.217 through E.2.222 of Exhibit E, Chapter 2 of the license document. 

2-28-1 
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To provide average weekly temperatures, for comparisons with pre-project 

temperatures during low-flow and average flow years, additional studies will 

be conducted in 1983. A work plan to carry out the studies and to provide 

the updated parameter values and their sources is presented as follows: 

1. The parameter values of DYRESM used (in Acres 1983a) will be updated 

through additional calibration using Eklutna Lake data, including data 

collected after January 1, 1983. This calibrtion effort will be com

pleted by January 1, 1984. 

2. Water temperature profiles downstream from Watana will be determined by 

SNTEMP modell/ (Stream Network Temperature Model). The calibration 

of SNTEMP will be made using existing streamflow, stream temperature, 

and meteorological data. 

3. The reservoir temperature profiles will be determined using the DYRESM 

model and the updated parameter values. Outflow temperatures from the 

reservoir temperature model wi 11 be used as i-nputs for the SNTEMP model 

to provide longitudinal profiles of temperatures downstream from the 

reservoir. This study will be completed by June 30, 1984. 

Weekly simulations will be made for comparison with pre-project temperatures 

measured during low-flow and average flow years for the following cases: 

llAEIDC will perform river temperature studies using SNTEMP model. 

2-28-2 
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(a) Filling of Watana reservoir 

(b) Watana in operation 

(c) Watana/Devil ·Canyon in operation 

Although not specifically requested case (a), filling of Watana Reservoir is 

included because the cited paragraph (E-2-87, para. 1) is in the section 

entitled 11 Impoundment of Watana Reservoir 11
• 

Weekly simulations of the reservoir thermal behavior will be performed under 

various power operation schemes for low-flow, average-flow, and high-flow 

{1981) years. The resulting outflow temperatures at the multilevel intakes, 

will be used as inputs to the downstream temperature simulations using the 

SNTEMP model. 

The computed temperatures wi 11 be compared with the measured pre-project 

temperatures. Results of the 1983 Study (Acres 1983b) for wet year 

conditions w111 also be verified. 

The representative years for low-flow (dry), average-flow (average), and 

high-flow (wet) years conditions are selected based on the available stream

flow data. From a frequency analysis of annual flow volumes at Gold Creek, 

water years ·1974, 1982 and 1981 may be considered as dry, average, and wet 

years, respectively. 

At the completion of the study, a summary report will be prepared. The 

report wi 11 inc 1 ude: 

(a) A listing of inputs used in the study • 

2-28-3 
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{b) The assumptions made in each simulation. 

(c) The parameter values used in each simulation and doc-umentation of 

their sources. 

(d) The outflow temperatures from each reservoir. 

(e) A comparison of simulated average weekly temperatures with measured 

pre-project temperatures. 

Outflow temperatures will include the temperatures that would have to be 

available at the multilevel intakes in order to match pre-dam temperatures. 

The study will be completed by June 30, 1984. 

The parameter values used for the 1983 reservoir thermal simulations are 
given in the following table: 

PARAMETER 

Convective overturn, CK 

Mechanical stiring, ETA. 

Temporal effects, CT 

Shear production, CS 

Diffusion constant 

W = Wedderburn number 

W > 1 (for general condition) 

W ~1 (for high wind condition) 

Drag coefficients 

VALUE 

0.125 

1.230 

0.510 

0.200 

0.048 

0.096 

0.015 

These parameters values were derived from calibration of the model to 
Eklutna Lake (Acres 1983b). 

2-28-4 
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